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Speed and Complexity of Wi-Fi Upgrades
Hang on for the ride!

• 802.11 Evolution 

• Complexity is mind boggling



802.11 Upgrade Cycles
Year Years IEEE Name WFA Name # MCS Max Speed SS Frequencies Max CH BW # Ch Total BW

1997 802.11 2 2Mb 1 2.4GHz 22MHz 3 80MHz

1999 2 802.11 a 11 54Mb 1 5GHz 20MHz 9 180MHz

1999 0 802.11 b 4 11Mb 1 2.4GHz 22Mhz 3 80MHz

2003 4 802.11 g 11 54Mb 1 2.4GHz 20MHz 21 80MHz

2009 6 802.11 n Wi-Fi 4 77 600Mb 4 2.4GHz & 5GHz 20MHz, 40MHz 28 580MHz

2013 4 802.11 ac Wi-Fi 5 624 1.73Gb 8 5GHz 80MHz 25 500MHz

2019 6 802.11 ax Wi-Fi 6 1728 9.6Gb 8 2.4GHz & 5GHz 20MHz/160MHz 28 580MHz

2021 2 802.11 ax Wi-Fi 6E 1728 9.6Gb 8 2.4GHz, 5GHz, 6GHz 20MHz/160MHz 87 1780MHz

2023 2 802.11 be Wi-Fi 7 4032 46Gb 16 2.4GHz, 5GHz, 6GHz 20MHz/320MHz 87 1840MHz



Complexity is Mind-Boggling
PhD’s in RF, AI, and Chip Design are stretched to their limits!
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Potential Wireless LAN Troubleshooting Causes
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Frequencies Available



Radio Frequencies Details
More than you need to know…

Unlicensed Spectrum and Channel Allocations
80 MHz

ISM Band 2407 + 5 X Ch. Number Wavelength   12.5cm - 4.9" to 12.0cm - 4.7"
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500 MHz
Frequency 5000 + 5 X Ch. Number Wavelength  5.8cm - 2.3" to 5.1cm - 2.0"

Radio Band U-NII-1 U-NII-2a U-NII-2c (Extended) U-NII-3
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2 160 MHz 50 114 165 was ISM, now U-NII-3 2

1,200 MHz

FCC - USA 5950 + 5 X Ch. Number Wavelength   5.1cm - 2.0" to 4.2cm - 1.6"

Low Power Indoor 59
25 5dBm/MHz - Net EIRP 18dBM 64
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1 Free Space Path Loss 1m

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

##
##

#

2.4 GHz Channels

TDWR

6 GHz Channels

227171 179 19551 59 67 75 83

UNII-8

3 11 19 27 35 43

5 GHz Channels

DFS Channels DFS Channels

91

UNII-5

119 135 151 167 199

203 211 219

15 47 79 143

7 23 39 55

207

115 123 131 139

UNII-6 UNII-7

71 87

147 155 16399 107

215103



Antenna Receive Aperture

2.4GHz 3.5GHz 5GHz 6GHz 60GHz
12.0cm - 12.4cm 8.11cm - 8.19cm 5.1cm - 5.8cm 4.2cm - 5.1cm .46cm - .52cm
4.7" - 4.9" 3.20" - 3.23" 2.0" - 2.3" 1.6" - 2.0" .18" - .20"
FPSL 1m -39.1dB FPSL 1m -42.7dB FPSL 1m -45.7dB FPSL 1m -46.9dB FPSL 1m -66.8dB

2.4GHz 5GHz 6GHz3.5GHz



2.4GHz Details
Did you really want to know all this?

2.4GHz Unlicensed Spectrum
Wi-Fi <- Wavelength = 12.4 cm - 4.9"

802.11b - 22MHz Japan - 802.11b - Only

802.11g/n/ax - 20MHz

3  20MHz Channels

4 Ch Plan - Non-US 
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802.15.4/Zigbee
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BLE

37, 38 & 39 are BLE "adverstising" channels
40  2MHz Channels

(2 MHz Spacing)
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79  1MHz Channels 12.0 cm - 4.7" ->
(1 MHz Spacing)
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5GHz Details
5 GHz Channel Allocations 500 MHz

Frequency 5000 + 5 X Ch. Number
Past Proposal 165 was ISM, now U-NII-3

Radio Band U-NII-1 U-NII-2a UNII-2b U-NII-2c (Extended) U-NII-3 UNII-4
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FCC - US 1,000 mW Tx Power 250 mw w/6dBi 250 mw w/6dBi 144 1,000 mW Tx Power
Indoor & Outdoor Indoor & Outdoor Indoor & Outdoor Now Indoor & Outdoor
No DFS needed DFS Required DFS Required Allowed No DFS needed

ISED - Canada FCC  - Except Outdoor Same as FCC Same as FCC Canada

ACMA - Australia 200 mW EIRP 1,000 mW - DFS & TPC 4,000 mW Tx Power
Indoor 500 mW - DFS-Only - No TPC Indoor & Outdoor

Indoor/Outdoor No DFS needed

ETSI - EU UK 4,000 mW  EIRP
DFS/TPC No

Indoor 144 Fixed Wireless Access

200 mW EIRP 25mW
DFS/TPC - Indoor SRD
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<- Wavelength 5.8cm - 2.3" Wavelength 5.1cm - 2.0" ->

1 Free Space Path Loss 1m

-4
5.

74

-4
5.

77

-4
5.

80

-4
5.

84

-4
5.

87

-4
5.

90

-4
5.

94

-4
5.

97

-4
6.

00

-4
6.

03

-4
6.

07

-4
6.

10

-4
6.

13

-4
6.

16

-4
6.

19

-4
6.

23

-4
6.

26

-4
6.

29

-4
6.

32

-4
6.

35

-4
6.

38

-4
6.

41

-4
6.

44

-4
6.

48

-4
6.

51

-4
6.

54

-4
6.

57

-4
6.

60

-4
6.

64

-4
6.

67

-4
6.

70

-4
6.

73

-4
6.

76

-4
6.

79

-4
6.

82

-4
6.

84

DFS/TPC  -  Outdoor
Indoor Indoor/Outdoor

10-min TWDR 25mW - SRD - No DFS

100 mW 200 mW EIRP 1,000 mW EIRP

Scan Time 

No DFS/TPC DFS/TPC

100 mW EIRP - DFS-Only Not Allowed 500 mW - DFS-Only
Indoor Indoor/Outdoor

License Req. >200 mW Not Allowed PtP allows Higher EIRP

200 mW EIRP - DFS & TPC TDWR 1,000 mW - DFS & TPC

New FCC

70 78 86 94

TDWR Same as FCC

DFS Channels DFS Channels

TDWR

74 90

16382

for Unlicensed US - Allowed
Not Currently Available 120, 124, 128 



6GHz
        

1,200 MHz

FCC - USA 5950 + 5 X Ch. Number
Low Power Indoor 59

25 5dBm/MHz - Net EIRP 18dBM 1.2 Gigahertz Proposed 64
25

Radio Band
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143 207
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6 GHz Channel Allocations

UNII-5

3 11 19 27 35



Modulation getting more difficult
Need to design for more SNR



802.11n and 802.11ac
MCS Index - 802.11n and 802.11ac 802.11n 802.11ac

HT VHT 20MHz 40MHz 80MHz 160MHz
MCS MCS SS Modulation Coding No SGI SGI No SGI SGI No SGI SGI No SGI SGI

0 0 1 BPSK  1/2 6.5 7.2 13.5 15 29.3 32.5 58.5 65

1 1 1 QPSK  1/2 13 14.4 27 30 58.5 65 117 130

2 2 1 QPSK  3/4 19.5 21.7 40.5 45 87.8 97.5 175.5 195

3 3 1 16-QAM  1/2 26 28.9 54 60 117 130 234 260

4 4 1 16-QAM  3/4 39 43.3 81 90 175.5 195 351 390

5 5 1 64-QAM  5/6 52 57.8 108 120 234 260 468 520

6 6 1 64-QAM  3/4 58.5 65 121.5 135 263.3 292.5 526.5 585

7 7 1 64-QAM  5/6 65 72.2 135 150 292.5 325 585 650

8 1 256-QAM  3/4 78 86.7 162 180 351 390 702 780

9 1 256-QAM  5/6 n/a n/a 180 200 390 433.3 780 866.7

8 0 2 BPSK  1/2 13 14.4 27 30 58.5 65 117 130

9 1 2 QPSK  1/2 26 28.9 54 60 117 130 234 260

10 2 2 QPSK  3/4 39 43.3 81 90 175.5 195 351 390

11 3 2 16-QAM  1/2 52 57.8 108 120 234 260 468 520

12 4 2 16-QAM  3/4 78 86.7 162 180 351 390 702 780

13 5 2 64-QAM  5/6 104 115.6 216 240 468 520 936 1040

14 6 2 64-QAM  3/4 117 130.3 243 270 526.5 585 1053 1170

15 7 2 64-QAM  5/6 130 144.4 270 300 585 650 1170 1300

8 2 256-QAM  3/4 156 173.3 324 360 702 780 1404 1560

9 2 256-QAM  5/6 n/a n/a 360 400 780 866.7 1560 1733.3



Additional Details of 802.11ac
802.11n and 802.11ac                              MCS, SNR and RSSI

800ns 400ns 800ns 400ns 800ns 400ns 800ns 400ns

0 0 BPSK 1/2 6.5 7.2 2 -82 13.5 15 5 -79 29.3 32.5 8 -76 58.5 65 11 -73
1 1 QPSK 1/2 13 14.4 5 -79 27 30 8 -76 58.5 65 11 -73 117 130 14 -70
2 2 QPSK 3/4 19.5 21.7 9 -77 40.5 45 12 -74 87.8 97.5 15 -71 175.5 195 18 -68
3 3 16-QAM 1/2 26 28.9 11 -74 54 60 14 -71 117 130 17 -68 234 260 20 -65
4 4 16-QAM 3/4 39 43.3 15 -70 81 90 18 -67 175.5 195 21 -64 351 390 24 -61
5 5 64-QAM 2/3 52 57.8 18 -66 108 120 21 -63 234 260 24 -60 468 520 27 -57
6 6 64-QAM 3/4 58.5 65 20 -65 121.5 135 23 -62 263.3 292.5 26 -59 526.5 585 29 -56
7 7 64-QAM 5/6 65 72.2 25 -64 135 150 28 -61 292.5 325 31 -58 585 650 34 -55

8 256-QAM 3/4 78 86.7 29 -59 162 180 32 -56 351 390 35 -53 702 780 38 -50
9 256-QAM 5/6 31 -57 180 200 34 -54 390 433.3 37 -51 780 866.7 40 -48

8 0 BPSK 1/2 13 14.4 2 -82 27 30 5 -79 58.5 65 8 -76 117 130 11 -73
9 1 QPSK 1/2 26 28.9 5 -79 54 60 8 -76 117 130 11 -73 234 260 14 -70
10 2 QPSK 3/4 39 43.3 9 -77 81 90 12 -74 175.5 195 15 -71 351 390 18 -68
11 3 16-QAM 1/2 52 57.8 11 -74 108 120 14 -71 234 260 17 -68 468 520 20 -65
12 4 16-QAM 3/4 78 86.7 15 -70 162 180 18 -67 351 390 21 -64 702 780 24 -61
13 5 64-QAM 2/3 104 115.6 18 -66 216 240 21 -63 468 520 24 -60 936 1040 27 -57
14 6 64-QAM 3/4 117 130.3 20 -65 243 270 23 -62 526.5 585 26 -59 1053 1170 29 -56
15 7 64-QAM 5/6 130 144.4 25 -64 270 300 28 -61 585 650 31 -58 1170 1300 34 -55

8 256-QAM 3/4 156 173.3 29 -59 324 360 32 -56 702 780 35 -53 1404 1560 38 -50
9 256-QAM 5/6 31 -57 360 400 34 -54 780 866.7 37 -51 1560 1733 40 -48

16 0 BPSK 1/2 19.5 21.7 2 -82 40.5 45 5 -79 87.8 97.5 8 -76 175.5 195 11 -73
17 1 QPSK 1/2 39 43.3 5 -79 81 90 8 -76 175.5 195 11 -73 351 390 14 -70
18 2 QPSK 3/4 58.5 65 9 -77 121.5 135 12 -74 263.3 292.5 15 -71 526.5 585 18 -68
19 3 16-QAM 1/2 78 86.7 11 -74 162 180 14 -71 351 390 17 -68 702 780 20 -65
20 4 16-QAM 3/4 117 130 15 -70 243 270 18 -67 526.5 585 21 -64 1053 1170 24 -61
21 5 64-QAM 2/3 156 173.3 18 -66 324 360 21 -63 702 780 24 -60 1404 1560 27 -57
22 6 64-QAM 3/4 175.5 195 20 -65 364.5 405 23 -62 26 -59 1580 1755 29 -56
23 7 64-QAM 5/6 195 216.7 25 -64 405 450 28 -61 877.5 975 31 -58 1755 1950 34 -55

8 256-QAM 3/4 234 260 29 -59 486 540 32 -56 1053 1170 35 -53 2106 2340 38 -50
9 256-QAM 5/6 260 288.9 31 -57 540 600 34 -54 1170 1300 37 -51 40 -48

HT 
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Min. 
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Data RateData RateVHT 
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Modulation Coding
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Data Rate Min. 

SNR
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Data Rate Min. 
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Adding 802.11ax



802.11 Upgrade Cycles
Year Years IEEE Name WFA Name # MCS Max Speed SS Frequencies Max CH BW # Ch Total BW

1997 802.11 2 2Mb 1 2.4GHz 22MHz 3 80MHz

1999 2 802.11 a 11 54Mb 1 5GHz 20MHz 9 180MHz

1999 0 802.11 b 4 11Mb 1 2.4GHz 22Mhz 3 80MHz

2003 4 802.11 g 11 54Mb 1 2.4GHz 20MHz 21 80MHz

2009 6 802.11 n Wi-Fi 4 77 600Mb 4 2.4GHz & 5GHz 20MHz, 40MHz 28 580MHz

2013 4 802.11 ac Wi-Fi 5 624 1.73Gb 8 5GHz 80MHz 25 500MHz

2019 6 802.11 ax Wi-Fi 6 1728 9.6Gb 8 2.4GHz & 5GHz 20MHz/160MHz 28 580MHz

2021 2 802.11 ax Wi-Fi 6E 1728 9.6Gb 8 2.4GHz, 5GHz, 6GHz 20MHz/160MHz 87 1780MHz

2023 2 802.11 be Wi-Fi 7 4032 46Gb 16 2.4GHz, 5GHz, 6GHz 20MHz/320MHz 87 1840MHz



Modulation & Coding Schemes…



Sample Single 

Frame Transmission

• AIFS - Arbitration Inter-frame Space

• Contention Window (CW)

• Preamble - BPSK

• RTS - MBR

• SIFS - Fixed Tme

• Preamble - BPSK

• CTS - MBR

• SIFS - Fixed Tme

• Preamble - BPSK

• Preamble - VHT

• Header - MBR

• Payload - PHY Rate

• CRC

• SIFS - Fixed Tme

• Preamble - BPSK

• ACK - MBR



Marketing vs Reality
Who can you believe?



Do marketing features work?
Real-World Testing?



Where to go for details
#WLPC Videos



One of These Things is NOT Like the Others
Wi-Fi, CBRS/Private LTE, HaLOW, LoRaWAN, Carrier Cellular



Do You Need to Upgrade
How is your Wi-Fi working today?



Moving Forward
What You Need To Know

• Backward Compatible?


• Multi-User - Up/Down


• Multi-Gig Needed?


• Network designed 40+dB SNR?


• PoE 802.3af not enough


• Wi-Fi Security - two levels?


• Eduroam Questions abound!



Bonus!
It is all about the clients…



Questions?



Contact Me



How to Present to a Technical Audience 
Rules to follow… and rules to break!


